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Abstract 
This paper is a focus study to introduce an alternative approach to the existing ones, which could be taken to implement Additive 
Manufacturing (AM) systems for industrial applications. This approach is mainly based on the use of Product Service Systems (PSS) concept in 
order to turn AM into a more relevant field for service-based purposes within industrial applications. To do so, an AM profile, which is 
characterized with the similar notions forming the conceptual basis of PSS is detailed, and then the profile is framed for the new service 
oriented approach to highlight AM’s competences in this field. Having found the interconnecting links between these two concepts, the 
intended approach for implementation would then be discussed and further developed in more detail to include the best use cases of the 
previous AM case studies as a guide on how to exploit AM’s capabilities in similar ways, only modified for a given industrial business which is 
based on service development. The use cases would also introduce a few of the most successful examples in the production-service systems 
which have already taken advantage of three-dimensional printing (3D printing) which is one the subcategories of AM in lower tier (desktop) 
applications. These customer scale applications of 3D printing alongside portfolio analysis of AM in the field of industrial services could shed 
light for implementing further service-centric research in the advanced manufacturing systems. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Manufacturers and researchers have been trying to adapt 
Additive Manufacturing (AM) within a broad range of 
industries, while trying to find the most suitable 
configurations and trade-offs of the production line 
technologies, logistics and supply chain capacities alongside 
business objectives so as to maximize the benefits resulting 
from AM’s implementation. Although AM has been 
successfully proved to be a feasible alternative for traditional 
mass manufacturing techniques in several industrial cases, its 
practical applications have been mainly affiliated with rapid 
prototyping and modeling practices. This is an ongoing trend, 
which is being actively followed by manufacturers and 
suppliers, researchers and governments all over the world in 
order to increase AM’s competitiveness and promote it in 
more actual production levels. These levels include 
manufacturing practices ranging from consumer goods 
production to the spare parts supply chain configurations. 
Aside from industrial level implementations, and moving on 
towards a more final customer scale, AM has been more 
competitive compared with other alternatives in some 
particular aspects. AM consists of several technologies, and 
can be described following the ASTM definition [1]: “The 
additive manufacturing is a process of joining materials to 
make objects from 3D model data, usually layer upon layer, 
as opposed to subtractive manufacturing methodologies”. 
Referring to ASTM classification, it is possible to group these 
different techniques in seven categories, each characterized by 
a different product building process: Binder jetting, Directed 
energy deposition, Material extrusion, Material jetting, 
Powder bed fusion, Sheet lamination and Vat photo-
polymerization. In the next sections, explaining the main 
impacts of Additive manufacturing upon PSS domain, all 
these technologies will be considered.  
Although desktop 3D printing technological variation has 
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been one of the most interesting fields of application for lower 
tier applications, and despite the fact that enabling the concept 
of PSS has been proved to work with high rates of success for 
this technological subset in multiple nonindustrial examples, 
contents of this text have been setup to address the potential 
areas which can be considered for industrial applications. 
Thus, it seems reasonable to investigate potentials of PSS for 
a broader category and make the case for the AM system 
rather than focusing on one of its subcategories. The specific 
aspects of AM which are of particular importance from a 
service-based point of view are sustainability, environmental 
impacts, economic competitiveness, resource and energy 
efficiency, digital based infrastructure as well as the overall 
quality of the process both regarding the manufacturing 
processes and the final products. These aspects are the main 
building blocks of this study to further diffuse AM system 
into the service business sector, and indirectly correspond the 
research with standards and regulations that exist in 
sustainability and environmental subjects. 
In the following, a brief introduction of all these aspects, 
which have the potential to get promoted via the concept of 
PSS and be used in an industrial service development 
business, are presented. Following their introductions, some 
of the best practices whose main source of competitiveness 
are derived from AM technologies are presented to build a 
functional link to certain PSS concepts. 
2. AM Competitiveness in the Service Area 
AM as a manufacturing system has already been well 
defined in the literature [13], and while some of its most 
concerning aspects have been thoroughly studied through case 
studies [4] by researchers to identify the possible trade-offs 
between AM and Traditional Manufacturing (TM), there are 
some particular aspects of AM which are of more importance 
in the field of service development area. These aspects 
theoretically have the potential to define the ways in which 
AM could be exploited to the most to increase its positive 
impacts over the performance of a given company which is 
active in the service development area to serve its customers, 
rather than product development. This notion is believed to be 
derived from AM’s successful case implementations in the 
fields of spare parts supply chain [11] and customized parts. 
Putting aside the benefits realized to manufacturers as a result 
of AM adoption for not being the focus of this study, the 
advantages extend well beyond cost effectiveness of small 
volume manufacturing, and go further to include the factors 
which are mutually important for all the actors involved in the 
value chain, especially service developers and their customers. 
These advantages could provide multiple leverages over the 
use of AM within New Service Development (NSD) practices. 
The potential list of AM leverages which result from its 
characteristics and could be linked to the PSS concept can be 
categorized into two major fields of environmental and 
economic benefits; out which, certain key performance 
indicators can be extracted for the service sector. The 
indicators provide important information about their specific 
roles towards improvement of sustainability, introduction of 
advantages that could be resulted out of their considerations, 
identification of the ways that they can be implemented, and 
finally the extent to which various entities of any given PSS 
can be related to them. These two major fields are discussed in 
detail in the following paragraphs. 
2.1. Environmental Leverages  
The environmental leverages are one of the most important 
broad aspects to be considered while studying roles of PSS in 
a society. In one of the documents drafted by the United 
Nations Environment Program [25], the PSS is identified as a 
comprehensive solution which can be used to resolve 
sustainability concerns of a society, by providing and 
promoting patterns of production and consumption towards 
governments, companies and citizens. The importance of 
environmental concerns with respect to all stakeholders has 
been highlighted in all over the document. The most impactful 
aspects of AM in terms of environmental factors which could 
contribute to the improvement of sustainability are its 
capabilities to shorten the supply chain by cutting long 
distances of transportation and eliminating unnecessary actors 
[13], significant reduction of raw materials consumption and 
boosting their efficient usage [18], as well as reduction of the 
carbon footprints [7]. 
The fact that AM’s requirements are only the CAD data 
and raw materials to be loaded onto the machine have 
significant implications on the length and level of simplicity 
of the supply chain. By getting closer to customers and the 
enhanced ability of the AM machines to produce the products 
in one part [26], contrary to the TM machines which require 
multiple assemblies to be performed on the ready parts, both 
the length and communications complexities which are 
always present in TM supply chains are resolved. Localization 
of production and increasing level of decentralized production 
are directly resulted out of AM systems [14]. Also, production 
of the products in single part eliminates the need for costly 
inventory controls in several warehouses and the 
corresponding transportations and logistics to get them to the 
point of use [12, 17]. 
Material efficiency is yet another interesting aspect of AM 
systems which could provide several opportunities in order to 
save costs and reduce negative environmental impacts. The 
layer by layer manufacturing of the parts makes it possible for 
the producers to consume raw materials only for the required 
level of production [3, 8], while the ability to recollect the 
unused powder in the build chamber [16] would further 
increase savings on the raw materials consumption. Although 
reusing the powder depends on the process and its impact 
over the molecular structure, this is a potential area of 
research that can have effective results on the overall costs of 
the process. 
2.2. Economic Leverages 
Another major field that can contain certain economic 
performance indicators on AM implementation in the service 
area is the set of economic leverages. The performance 
indicators that can be extracted out of this field mainly 
address the financial benefits that can be gained in the PSS 
processes as a result of AM implementation. The product 
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ownership in the traditional sense which comes in contrast 
with the new paradigm that distances itself from the actual 
product and puts the emphasis on accessing the product 
through a service, and the corresponding behavior of 
companies towards meeting this new demand have turned the 
attention towards adopting PSS as a substitute solution [10, 
24]. In making efforts to realize this solution, the most 
impactful aspects of AM with regards to economic factors 
which contribute to a sustainable service offering, consist of 
AM’s strong performance for low-volume production [15], 
high degree of customization [9] based on individual 
customers’ demands, rapid design alterations, as well as 
independency of AM from tools, coolants and fixtures [13]. 
These factors are at the core of determining AM’s economical 
behavior for the service development sector. 
The financial advantages of AM systems could be realized 
through several enablers. These enablers exist over the length 
of the supply chain and a collective effort both from the 
manufacturers and customers can maximize their outputs. 
Economical low-volume production gives manufacturers the 
possibility to provide their products/services to a broader 
range of customers, while customized designs embedded with 
personal preferences and rapid changeovers that result from 
collaboration between customers and manufacturers increases 
cooperation and mutual understanding of the process. This 
would automatically result in higher levels of satisfaction 
among all involved parties. The rapidness of the design 
modifications which are enabled due to elimination of tools, 
jigs, fixtures and coolants is one of the most remarkable 
characteristics of AM machines that can have significant 
positive impacts on the overall experience of customers.  
3. Key Drivers Promoting AM in PSS 
Apart from the abovementioned leverages that provide AM 
with a framework to be implemented within PSS, there are 
certain drivers in AM, which further highlight its desirability 
of application in the service sector. The roots of suitability of 
AM’s underlying infrastructure are the main source behind its 
effectiveness as a service development and support tool. The 
fact that all the stakeholders in a given chain of AM can 
connect to one another through web based platforms, and the 
rapidness that this form of communication brings about for 
the actors in responding to the unpredictable changes turns 
AM to a great choice to be considered for PSS.  
The other driver is in the design process of AM. Since this 
process is commenced by uploading either a CAD file or 3D 
scan of an existing object onto the machine, any kind of 
alterations over the measurements, contours, raw materials, 
etc. can be made without forcing any significant costs to the 
overall price of the part. These easy to perform modifications 
are decisive in order to increase the level of customers’ 
involvement in the design process, while boosting two 
important aspects of PSS [21] simultaneously: co-creation and 
customization. 
4. Additive Manufacturing application in the domain of 
PSS 
3D printing applications in the domain of PSS are 
increasing, underlying the relevance of the potential benefits 
enabled by new technologies in offering advanced services 
along with the physical products. In the next sections of the 
paper will be provided some examples of real companies, 
very different in terms of dimensions and industries, that are 
either evaluating or already exploiting AM technologies 
aiming at facing PSS domain complexity. The aim is to 
provide examples in four different areas that derive from the 
matching of the leverages and the drivers described before, as 
drawn in Table 1. It has to be noticed that the classification 
proposed in Table 1 is not completely rigid: the four areas 
arising from matching one level at time of the proposed 
variables, do not imply the complete exclusion of the other 
level. For example, Case d. represents an application of AM 
primarily addressed to environmental leverage with direct 
impacts on the product design process, but also with (minor) 
impacts on supply chain infrastructure & rapidness driver. 
Table 1 – Classification of the proposed case studies  
  LEVERAGE 
  Environmental Economical 
D
R
IV
E
R
 
Design 
process 
Case d. 
US POSTAL 
SERVICE 
Case c. 
DALLARA 
AUTOMOBILI 
Infrastructure 
& Rapidness 
Case a. 
US NAVY 
Case b. 
MAERSK 
 
4.1. Case A: Us Navy 
One of the decisions that may lead to significant 
improvements in spare parts supply chain performance is 
changing the location of production facilities [14]. The case 
belonging to this category (environmental leverage and 
infrastructure & rapidness driver) considers the use of 3D 
printing in order to gain benefits accordingly to the 
modification of the supply chain configurations. The reason 
why AM technologies are under evaluation is the possibility 
to reduce the time to supply spare parts and components to 
remote zone, eliminating unnecessary actors and lead time. 
Military zones in which there is an on-going conflict could be 
the right context in which 3D printers can be exploited due to 
the difficulties to ensure a high service level and short 
delivery time. Thus, the majority of the provided examples are 
related to military corps and government associations, which 
aim to improve spare parts management [14]. As associations 
without relevant budget constraints, the main focus is on the 
time needed to replace the broken components, and less 
attention is given to the necessity to reduce the cost of the 
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process (even if it could be a relevant secondary purpose to be 
achieved, considering that the US military held an astonishing 
4.6 million stock-keeping units of spare parts inventory, 
valued at $94 billion in 2014 [2]. So, US Navy is considering 
3D printers aiming at sending the 3D model to the remote 
zone (conflicting areas or space vessels) and printing it, 
thanks to an on-site 3D printer. So, accordingly to the 
aforementioned statement about the case studies’ 
classification (not mutually exclusive), beyond the 
environmental benefits, there are also economic advantages, 
related to the reduction of spare parts inventory holding and 
handling costs.  
In April 2014, the United States Navy revealed that they 
had installed a 3D printer aboard one of their ships, the USS 
Essex (http://3dprintingindustry.com/). Indeed, US Navy is 
already testing the technology for maintenance activities. The 
maintenance has given the Navy the time that’s needed to 
permanently install, and test out a 3D printer on board.  In the 
meantime, the crewmembers on board the ship have been 
busy printing out anything from plastic syringes, to oil tank 
caps, to model planes used for the mock-up of the flight deck. 
The US Navy believes that they are still several years away 
from being able to print out actual spare parts for aircraft or 
the ship itself, but it is certainly a good starting point. 
4.2. Case B: Maersk  
The main difference compared to the case A, is the increased 
relevance of economical leverage instead of environmental 
one. US Navy, and more in general US military corps, are not 
subjected to strict budget for their operations. The application 
of 3D printing can enable to supply in shorter time the spare 
parts and components close to where it will be used (on-site). 
For Case A, the main objective is to reduce the down time, 
and to repair a truck, a weapon, or whatever else could be 
broken in the lowest time possible. Shifting from 
environmental to economical leverage means that the 
application of 3D printing can be chosen also in order to 
reduce the total cost of spare parts supplying processes, 
instead of increase only their rapidness.  
The US Navy is not the only group using 3D printers on board 
ships. In fact, one of the world’s largest container shipping 
companies, Maersk, is using 3D printers as a way to fabricate 
spare parts on container ships (http://www.maersk.com/ - 
http://3dprint.com/). The company has a fleet of over 500 
container ships. In June 2015 the company revealed that they 
had 3D printers installed on board their ships. The printers 
currently are capable of printing a small amount of 
components, according to the materials used, ABS 
thermoplastics. However, the company is evaluating the 
possible utilization of powder based metal laser sintering 
printers in order to enhance the range of printed components. 
The main advantage is related to the possibility to 
immediately repair broken components, instead to be supplied 
with a spare part when the vessel is moored in a port. When a 
part breaks on a container ship in the middle of the ocean, it’s 
certainly not an easy task to quickly provide a replacement 
part. Thus, 3D printing seemed to be the perfect solution in 
order to realize it immediately. The procedure is simple: 
sending the file (blueprint) to the crew on board the vessel, 
they will be able to print and realize the part within few hours. 
This configuration will terribly simplify the provision of spare 
parts. The procedure nowadays requires a significant 
coordination and effort among several actors to supply in the 
fastest way the components: the crew on board has to manage 
the equipment malfunctions, the procurement team on the 
ground has to get the parts on to the vessel as fast as possible, 
involving the ports and then charter a boat to make the 
delivery (due to their dangerous cargo, tankers are usually 
forbidden from entering into the main port area). The ideal 
future scenario is that the crew can order a spare part from the 
manufacturer, receiving a digital blueprint and print it just 
pressing a button. 
4.3. Case C: Dallara Automobili 
In this case, the combination of economical leverage and 
design process driver, manifests one of the most interesting 
application of 3D printing. Companies are continuously 
looking for some paradigms and approaches that could enable 
them to realize in a convenient way low-volume production, 
associated with high degree of customization based on 
individual customers’ demands. Thanks to 3D printing, this is 
right now possible [6, 12]. The proposed case study considers 
an Italian company that has exploited AM since 2001. This 
company belongs to the automotive sector (specialized in the 
production of racing components), and operates following an 
Engineer-To-Order strategy in a one-of-a-kind-production 
context. One of the core business activity is the development 
(for other large automotive companies) of aerodynamics test, 
in order to identify the best technical solution that permits to 
satisfy the car’s requirements (speed, grip, etc.). This branch 
of activities accounts nowadays about the 80% of the total 
company revenues. These design activities are possible thanks 
to the 3D printing exploitation; in absence of this technology, 
this profitable business could not be developed. Before the 
advent of AM technology, the few number of prototypes that 
had to be tested in the wind tunnel were realized through 
machining (and sometimes molding) processes [20]. 
Considering the complexity of these products, and their 
volume (they were realized in batch of 1), the cost occurred 
by the company was very relevant (the mold cost was 
completely allocated to a single piece). So, the diffusion of 
3D printers outside the borders of aesthetic prototyping at the 
end of ‘90, has been a real opportunity to enlarge the business 
of wind tunnel testing, exploiting it also for testing chassis for 
other automotive companies. The main advantages are related 
to the possibility to reduce the time to test of the components, 
cut from 5 weeks to 3 days; also the total cost of the final 
tested model has been significantly reduced, from some 
hundreds € (between 5 to 10) to less than 2.000 €. In the last 
years, the company decided to continue to invest in this 
technology, up to reach 7 machines in 2008; with this 
installed base, they produce a number of prototypes which 
ranges from 500 to 700 components per week. 
4.4. Case D: Us Postal Service 
This use case considers both environmental and 
economical leverages, even if the environmental one is more 
relevant. The former consists in the possibility to re-configure 
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many supply chains exploiting the existing one, belonging to 
US Postal Service, reaching all the possible benefits 
associated to the environmental aspect. The latter consists in 
the possibility to enhance the customer intimacy, enabling 
him to co-design the desired product, and to print it closer to 
him, in a very decentralized configuration [5].   
Assuming 3D printing as an enabling technology that can 
move productions closer to the point of consumption, the role 
of a decentralized production will become more and more 
relevant in the future, having major implications for everyone 
along existing supply chains, including the U.S. Postal 
Service. The Postal Service could benefit by the rise of 3D 
printing. This is primarily due to two factors: the Postal 
Service’s ubiquitous first and last mile delivery network. 
Accordingly to the increasing customization of the demand, 
and the short delivery lead time, many 3D printed products 
will be manufactured closer to the point of consumption (e.g. 
thanks to the Fablab movement [27]. But they will still need 
last-mile delivery, a core business activity for US Postal 
Service.  
The most interesting application is related to the possibility 
that the Postal Service could realize partnership with 3D 
printing companies, bringing home the technology within its 
facilities [22, 23]. This scenario would enable US Postal to 
offer a new service: customers, or directly manufacturing 
companies that own the blueprint model of the products, may 
deliver them to the US Postal office closer to the customers, 
in order to print them and directly send them to customers’ 
home. This configuration would eliminate several step of the 
existing supply chains, reducing the material stock, the 
delivery lead time, the fuel consumption and exhaust 
emissions, and the material waste, due to on-demand 
manufacturing. Furthermore, other big players of parcel 
distribution, shipping and logistics companies (such as UPS, 
FedEx and TNT) are approaching AM technologies, in order 
to offer a service of distributed manufacturing of products 
(http://3dprint.com/). For example, UPS and Stratasys 
recently announced a partnership to offer 3D printing in UPS 
stores across the United States [19], while FedEx is evaluating 
how to implement 3D printers within its warehouses.  
5. Discussion 
The four case studies provided in this paper can be 
considered as a first attempt to highlight the main linkages 
between PPS domain and Additive Manufacturing. 
Accordingly to the main benefits directly associated to the 
technology from literature, AM is demonstrating in practice 
the relevant role that could play concerning PPS aspects for a 
wide range of industries. Thanks to the main features of free 
form design of products, complexity for free, on site & on 
demand production, AM can support companies in offering 
new services, in terms of high products customization (design 
process driver) and product realization where and when the 
demand occurs (Infrastructure & Rapidness driver). Before 
the development of AM techniques during the last years, these 
results could be reached only through high inventory level, 
products modularization and lead times. Nowadays, thanks to 
AM, these services can be enabled (potentially) by every 
company, reducing both the inventory level and the time-to-
market of products, until the overall supply chain 
reconfiguration.  
Considering the pace of AM evolution, has to be pointed 
out the need to maintain up-to-date the list of case studies, in 
order to collect information thanks to which quantify the 
impact of AM on PPS domain, identifying KPIs and other 
variables that would measure the enabled benefits. 
6. Conclusion 
The paper shows several examples of AM applications 
concerning PPS concepts in order to turn AM into a more 
relevant field for service-based purposes within industrial 
applications. The paper underlines how the use of additive 
technologies can help companies facing the main PPS 
elements, offering some case studies thanks to which 
understand how the technology could be exploited to increase 
the performance of a given company in serving customers 
better. The case studies cover the four possible combinations 
between leverages (how the technology affects the PPS 
domain) and drivers (which is the main technology field of 
application), and aim to design all the possible application of 
AM for addressing PPS domain. According to the proposed 
approach, it is possible to evaluate in which manner AM 
might solve sustainability (shortening the supply chain, 
eliminating unnecessary actors, reducing raw materials 
consumption) and customization issues (AM’s performance 
are claimed for low-volume production & high degree of 
product’s customization, based on individual customers’ 
demands). 
 Further effort will be granted for increasing the number of 
case studies, to investigate further the impacts of the AM 
technology on PPS domain. 
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